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Abstract

Psychiatric disorders are the most common debilitating diseases worldwide. Repetitive transcranial magnetic
stimulation (rTMS) has shown therapeutic outcomes in different neurophysiology and neuropsychiatric disorders.
Despite controversial findings on the therapeutic outcomes of this technique in different psychiatric disorders,
researchers emphasize on developing this technique as an alternative or adjunctive modality for these disorders.
Depression, different hallucinations, obsessive-compulsive disorder (OCD), post-traumatic stress disorder
(PTSD), and substance abuse are the main disorders have shown good treatment response to rTMS. This study
aims to comprehensively overview the applications and recent advances in rTMS applications in psychiatric
disorders. The databases of PubMed (1985-2017), Web of Sciences (1985-2017), Embase (1985-2017), Cochrane
Central Library (1985-2017), and Google Scholar (1985-2017) were searched using the keywords of repetitive
transcranial magnetic stimulation OR rTMS AND psychiatric disorders AND treatment. The retrieved records
were reviewed, and the relevant studies were selected for further review. Repeated sessions of low frequency
(<5 Hz) rTMS induce long-lasting neural inhibition or depotentiation, whereas high frequency (>5 Hz) induces
long-lasting neural excitability or potentiation. Depending on the neural alteration induced by a disorder, low- or
high-frequency rTMS is used for the treatment. The rTMS is approved as acute treatment for major depression.
The other diseases with promising outcomes are different hallucinations, OCD, and PTSD. rTMS seems to be
an alternative or adjunctive therapeutic modality in different psychiatric disorders. To reach efficient clinical
application for each disorder, further randomized clinical trials, as well as preclinical studies, are needed.
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INTRODUCTION neurons with rapidly changing magnetic pulses which can

lead to physiological and neurocognitive alterations in the

epetitive transcranial magnetic brain. The induced effects can last some minutes to several
Rstimulation (rTMS) is a non-invasive, days with potential applications for the treatment of different
safe and relatively painless modality disorders. Several neuroimaging studies have demonstrated

that has been used to study different cognitive  that single or repeated sessions of rTMS can activate the
functions as well as to determine the brain—  ynderlying brain region as well as distinct regions. Several
behavior. relatipnships in normgl iI}diVi‘duals as studies have shown that depending the frequency of rTMS;
well as in various neuropsychiatric disorders. the neurophysiological effects can be divided into inhibitory

The rTMS mOdal.lty has recently received 2 or excitatory effects. The 10 Hz rTMS to the left dorsolateral
plenty of research interests as a new therapeutic

modality in different disorders as well as
enhancing cognitive functions among healthy
subjects. The main advantages of the modality
that have made it an appropriate candidate for
various conditions are non-invasiveness, safety,
easy handling, and no significant side effects. It
has been suggested that effects of rTMS are due
to the rTMS-induced modulation of cortical
excitability.!." This technique stimulates
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iatric disorders

prefrontal cortex (DLPFC) increases blood flow, whereas
1 Hz stimulation decreased blood flow. Different protocols
of rTMS have demonstrated therapeutic efficacies for
various neuropsychiatric disorders such as depression,
Parkinson’s disease, dystonia, mania, tinnitus, and substance
abuse.*7 Despite controversial findings on the therapeutic
outcomes of this technique in different psychiatric disorders,
researchers emphasize on developing this technique as
an alternative or adjunctive modality for these disorders.
Depression, different hallucinations, obsessive-compulsive
disorder (OCD), posttraumatic stress disorder (PTSD),
migraine tinnitus, substance abuse, and the main disorders
have shown good treatment response to rTMS.®! This
study aims to comprehensively overview the applications
and recent advances in rTMS applications in psychiatric
disorders.

METHODS

The databases of PubMed (1985-2017), Web of Science
(1985-2017), Embase (19850-2017), Cochrane Central
Library (1985-2017), and Google Scholar were searched using
the set keywords. The keywords were “transcranial magnetic
stimulation” OR “TMS” OR “repetitive transcranial magnetic
stimulation” OR “rTMS” AND “psychiatric disorders” AND
“treatment.” The obtained records were reviewed for the
abstract by two authors to select the relevant records for
full review. Then, a consensus decision was made whether
the study is relevant for the full review. Human studies that
evaluate the effects of rTMS in any psychiatric disorders and
measures at least one psychometric or objective measure
were included for further review.

Search strategy

The scientific records were retrieved by a systematic search
of different bibliographic databases, and the last update of the
search was performed on February 20, 2017. The databases of
PubMed, Web of Science, Embase, Cochrane Central Library,
and Google Scholar were used. The language of search was
limited to English. The search keywords based on the MeSH
heading included “transcranial magnetic stimulation” OR
“TMS” OR “repetitive transcranial magnetic stimulation”
OR “rTMS” AND “psychiatric disorders” AND “treatment.”
The titles and abstracts of all the records retrieved by the
search strategy were reviewed by two authors, and the
relevant records with full-texts available were selected for
full review. Moreover, the reference lists of the relevant
papers were checked manually to identify additional eligible
studies. These papers were also included for the full review.

Inclusion and exclusion criteria

The screening and identification of the records for inclusion
or exclusion were performed independently by the two
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reviewers and disagreements were resolved by discussion.
Only randomized clinical trials were eligible if they fulfill
the following conditions: Human studies evaluating the
effects of rTMS in healthy individuals on attention function.
Studies were excluded if (a) Abstract only, (b) letter to editor,
(c) editorial, (d) conference papers, (e) pilot study, (f) case
reports, (g) animal models, and (h) studies with no control
or placebo stimulation. The flowchart of the study process is
presented in Figure 1.

RESULTS

The searches initially identified 147 records. After reviewing
the abstract of each record, 35 cases were excluded because
of duplication or irrelevance. During the screening stage, 24
records consisting of 3 abstract only, 5 case reports, 2 books,
2 letters to editor, 4 editorials, 5 conference papers, and 3
pilot studies were excluded from the study. Of 88 records
reviewed for eligibility, 14 studies were excluded as they
were not on human subjects or with no control or placebo
stimulations. Two studies were added from the references
of the retrieved records and total of 76 studies were fully
reviewed. Because of the immense amount of studies,
different methodologies and treatment protocols, the present
study aims to provide a comprehensive and descriptive
overview of rTMS applications in psychiatric disorders and
review the therapeutic efficacies of the technique in each
disorder.

rTMS in depression

Depression is one of the most common psychiatric disorders
worldwide and by 2020, it will be the second cause of
disability, after heart ischemic disease.’”? At present, the
standard treatment options for depressive disorder are drug
therapy, psychotherapy, drug therapy plus psychotherapy,
and electroconvulsive therapy.l'™!l Despite using various
antidepressant drugs, a significant portion of the patients
suffers drug-resistant depression.['? Therefore, several
non-medication techniques have been developed for the
treatment of depression including neurofeedback and
biofeedback, transcranial direct current stimulation, vagus
nerve stimulation, and rTMS.['*"*31 Neuroimaging and
neurophysiological studies on the brain of depressed patients
have indicated that certain regions of the brain are involved
in depression development such asDLPFC, subgenual
cingulate gyrus, and limbic nucleus.''® In this regard,
the metabolic activities of specific regions of the brain
are modulated in depression."”! PET studies in depression
have shown dysfunction of serotonin hormone receptors!!”
and disturbance of glucose local metabolism in prefrontal
cortex.["¥ Furthermore, in addition to the metabolic and
physiological variables, electrical and magnetic activities
of different brain regions are disturbed during the
depression. This is expectable as there is mutual relationship
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Figure 1: The flowchart of the study design process

between electrophysiological features and metabolic and
hemodynamic variables. In depression, excitability of the
brain cortex generally decreases.”” Therefore, one of the main
approaches to treat this disorder is increasing the excitability
of brain cortex.!! Since the approval of rTMS application for
the treatment of depression by FDA, the therapeutic efficacies
of different protocols of rTMS have been evaluated.['*?? The
main parameters influencing the treatment outcome of rTMS
in depression as well as other neuropsychiatric disorders are
frequency, magnetic field intensity (defined as the percentage
of motor threshold of the subject), site of stimulation, number
of pulse per session, total pulses per treatment, and number
of sessions per day.?*?! The LDLPFC and RDLPFC are
the most common sites for the rTMS applications. The low
frequencies rTMS (<5 Hz) are usually applied on RDLPFC,
whereas high frequencies rTMS are used for LDLPFC.?226-2]
Neuroimaging and neurophysiological studies of the brain
have shown that mood is regulated by a network consisting
of different brain regions including prefrontal, cingulate,
parietal, and temporal cortical regions. This network is
functionally connected to different regions of the striatum,
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thalamus, and hypothalamus. Therefore, we can expect that
any anomaly or lesion in any part of this network would result
in mood disturbances. Furthermore, in the depressed patient’s
alterations in cerebral blood flow and metabolism in different
regions of'this network mainly the medial frontal, dorsolateral,
and orbitofrontal regions. One of the main regions inside this
network is DLPFC which is responsible for depression and
highly connected with other crucial nodes in the network
such as other prefrontal and anterior cingulate regions.?>273%
Therefore, the first line of rTMS studies in depression has
focused on DLPFC as a site of stimulation.[15-2223:2627.31-34]

The previous comprehensive meta-analysis studies on the
randomized clinical trials reported a moderate to strong order
of mean weighted effect size of rTMS compared to sham
stimulation in depression treatment that ranged 0.65-0.89.125-37!
The findings of previous meta-analyses showed that rTMS is
associated with clinically relevant antidepressant effects.!
An interesting feature of rTMS for depression treatment is
high level of safety and tolerability profile or rTMS. The
previous studies have demonstrated the therapeutic efficacy




iatric disorders

of rTMS in depression patients both for drug resistant and
nondrug resistant patients.[31-3438l

A typical rTMS treatment protocol for depression treatment
consists of a 20-40 min session with total of 3000-6000
pulses at 10 Hz, 5 or 6 days a week for 4-8 consecutive
weeks. In rTMS studies, left and right DLPFC are the most
used sites of stimulation with corresponding 10 and 1 Hz
frequency of stimulation. The neurophysiological effects
of low-frequency rTMS are significantly different from
the high-frequency stimulation. Low-frequency rTMS
modulates frontal alpha power asymmetry, whereas high-
frequency protocols influence more broader regions and
wider electrophysiological characteristics of the brain.

rTMS for hallucinations

The unique features of rTMS targeting specific regions of
the brain, stimulating deep-seated brain areas, and inducing
modulation in neural network have convinced the researchers
to investigate the efficacy of rTMS for treatment or inhibition
of different types of hallucinations.3%4"

Hoffman et al. were the first group reported the possible
therapeutic efficacy of the rTMS over the left temporoparietal
cortex in auditory-verbal hallucinations in schizophrenic
patients.[*!#? They stimulated the left temporoparietal cortex
that intercepts with the Wernicke’s area, which is the speech
perception area. Neuroimaging and event-related potential
studies in patients with hallucinations have demonstrated
that the Wernicke’s area is hyperactive.[** Considering the
hyperexcitability of the auditory cortex in one hand, and the
inhibiting effect of low-frequency rTMS on the other hand,
has formed the main principal idea of stimulating 1 Hz rTMS
over left temporoparietal cortex for the treatment of auditory-
verbal hallucinations.

The meta-analysis studies conducted so far on the previously
published studies have reported the weighted effect sizes
in the order of moderate to high ranging 0.44-0.76.454! In
addition, the improvements persisted for about 10-14 weeks.
However, it should be noted that the improvements were
specific for hallucinations but did not improve other
symptoms of the schizophrenia. Most of the studies so far
conducted for the treatment of hallucinations have used
relatively the same treatment protocol. The site of stimulation
was left temporoparietal area, daily 15-20 min session with
frequency of 1 HZ for 5-10 days, intensity ranging 80-100%
of motor threshold. However, there were some studies with
different protocols and over the different sites of stimulation
including daily two sessions*’#% and stimulating left auditory
cortex.[*

There are also some studies that have failed to significantly
improve the auditory-verbal hallucinations or with low
improvements.’#*!1 One of the main reason for these
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controversial findings can be attributed to the different
pathologies of the disorders which need disease-specific
protocol. In addition, in some of these studies, the stimulation
site was not the left temporoparietal cortex: Some studies
targeted the left auditory cortex,*”! some studies stimulated
right temporal region and the other studies used bilateral
paradigm for stimulation.B!

Although some of the recent studies have reported negative
findings, combining them with the studies with positive
outcomes resulted in a relatively moderate weighted size
effect (about 0.44) indicating promising outcomes which is
still statistically significant.“®) However, the effect was no
longer significant at 1 month follow-up.

rTMS in other psychiatric disorders

Different protocols of rTMS have been investigated
for treatment of other neuropsychiatric disorders and
conditions including substance abuse, schizophrenia,
OCD, and PTSD, although studies on these conditions are
in early stages, the general census is therapeutic efficacy
of r'TMS on these conditions. Clinical application of
rTMS has not been approved by FDA for any of these
disorders; however, clinical applications as research tool
are encouraged.

Schizophrenia

Different protocols of rTMS have been investigated for
improving negative symptoms in schizophrenia.’3-¢! The
findings were relatively promising; however, the findings
were controversial. A meta-analysis review of nine clinical
trials (» = 213 patients) showed that active rTMS could
significantly improve the negative symptoms of schizophrenia
compared with the sham rTMS.F”" However, the average
weighted effect size was in the order of small-to-medium
range (d=0.43).5" In a more recent, meta-analysis performed
by Freitas et al. on the efficacy of active rTMS versus control
or placebo rTMS on negative and positive symptoms of
schizophrenia they concluded moderate and significant effect
sizes of active rTMS versus placebo stimulation.’® They
reported significant and moderate effects of rTMS on negative
and positive symptoms (d = 0.54 and d = 0.58, respectively).
However, the effect size for the placebo or control rTMS was
small and non-significant for both negative (0.27, P =0.417)
and for positive symptoms (0.17, P = 0.129). The findings
of this study along with other randomized clinical trial have
claimed that rTMS may be more effective in treatment of
positive symptoms of schizophrenia rather than negative
symptoms.®>% One of the findings of the previous studies
in this disease is that rTMS protocols with longer duration
of treatment (>3 weeks) showed a larger mean effect size
compared with the shorter treatment period. The common site
of stimulation in schizophrenia was left DLPFC; however,
the right DLPFC may have therapeutic value as the site of




stimulation as several neuroimaging studies have shown the
involvement of this site in the progression of the disease.[¢!-¢?]

oCD

Several studies have been conducted on the efficacy of
rTMS in OCD.I**! [n a systematic review performed by
Jaafari et al., they reviewed 12 studies including open and
randomized, sham-controlled trials.[®*! They reported that two
brain regions may be good candidate as site of stimulation
in rTMS treatment for OCD including supplementary motor
area and the orbitofrontal cortex.[®] In a more recently
published study with 3-month follow-up, conducted on 22
OCD npatients, the findings showed that active rTTMS was
significantly better in reducing the OCD symptoms compared
with the placebo group (35% vs. 6.2% reduction).l*! Berlim
et al. in a meta-analysis (10 studies, n = 282) on the efficacy
of active rTMS versus placebo or control stimulation
reported a moderate and significant weighted size effect of
rTMS versus placebo (d = 0.59) for improvement of OCD
symptoms.[®? The response rates for active and placebo
r'TMS were, respectively, 35% and 13% (odds ratio = 3.4,
P =0.002).! There were also some studies on the efficacy
of rTMS in OCD treatment with no significant improvement
in the symptoms. Sarkhel et al. reported that high-frequency
rTMS as an adjunctive treatment over right prefrontal cortex
was not effective in OCD, while it significantly improved the
comorbid secondary depression.’” Reviewing the findings of
randomized clinical trials as well as the previous conducted
meta analyses, the main findings on the efficacies of rTMS
for OCD treatment are as follow: Low frequencies rTMS are
more efficient than high frequencies. The sites of stimulation
including orbitofrontal cortex and the supplementary motor
area are more likely to respond to the treatment compared with
the DLPFC or temporal or temporoparietal cortices.[66671-74

PTSD

Several neuroimaging and electrophysiological studies have
demonstrated hyperactivation of the amygdala in PTSD
patients.[>71 Amygdala is a subcortical neural structure
involved in the excitatory response to stressors and fearful
situations through encoding and consolidation of memories
for traumatic phenomena.l’7-””! The site of stimulation for
treatment of PTSD is DLPFC which is based on the mutual
functional connection between this site and amygdala.
Neuroimaging and neurocognitive studies on the applications
of rTMS in PTSD have proposed that the rTMS possibly
exerts its effects through stimulating activity in the prefrontal
cortex, which in turn further inhibits the amygdala through a
negative feedback circuitry. The deficit in this neural circuit
along with the inhibition of sympathetic function is a main
reason for specific symptom clusters including hyperarousal
present in PTSD patients.®” In PTSD patients with minor
head trauma, the inhibitory function of the cortical neurons
is reduced. Therefore, the inhibitory effects of low frequency
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rTMS on cortical neurons are probably the underpinning
mechanism of its therapeutic effect.

Few studies have investigated the efficacy of rTMS in PTSD.
Watts et al. reported that 10 sessions of 1 Hz rTMS over the
right DLPFC significantly reduced (30% reduction) the PTSD
symptoms compared with the sham group.®! Conducting
more studies with large sample size is necessary to reach a
conclusive finding in this regard. The previous studies have
indicated the effectiveness of TMS for PTSD. In addition,
the main region of stimulation has been reported the DLPFC
and the right DLPFC showed more treatment response than
the left counterpart. There is relatively significant evidence
indicating effectiveness of rTMS for PTSD. Reductions in
the severity of PTSD symptoms were observed in a case
study of 1Hz rTMS applied to the right prefrontal cortex.*
A single session of bilateral motor cortex stimulation reduced
the avoidance symptoms and increased treatment response
within the first 24 h post-treatment.’®! In a randomized
controlled trial, 10 sessions of either 1 Hz rTMS or 10 Hz
rTMS over the right prefrontal cortex were compared with a
sham r'TMS group, and the findings showed the active rTMS
significantly reduced the severity of symptoms. A significant
reduction of anxiety was also detected in the 10 Hz rTMS
group. Interestingly, these effects lasted for about 2 weeks
poststimulation. The overall findings of the rTMS studies on
PTSD show the effectiveness of either low or high frequency
rTMS in PTSD patients.

In a meta-analysis conducted by Trevizol ef al. on the efficacy
of rTMS for PTSD treatment evaluated five randomized
clinical trials (total sample size = 118) in an active-sham
rTMS assessment. They reported that active rTMS was
significantly more efficient than the sham rTMS for PTSD
symptoms (Hedges’ g = 0.74; 95% confidence interval =
0.06-1.42). Although the heterogeneity was significant in
their analysis (22 = 71.4% and P = 0.01 for the y* test), the
exclusion of the study with significant heterogeneity did not
significantly change the effect size significant impact on
the results.®™ They concluded that active rTMS was more
effective than the sham stimulation in reducing the PTSD
symptoms.

The current evidence on the efficacy of rTMS for treatment
of PTSD is relatively moderate. However, the heterogeneities
in methods and studied parameters as well as the stimulation
parameters associated with these studies are the main barrier
for conclusive statement on the efficacy of the rTMS in
PTSD.

CONCLUSION

Repeated sessions of low frequency (<5 Hz) rTMS induce
long lasting neural inhibition or depotentiation, whereas high
frequency (>5 Hz) induces long lasting neural excitability or
potentiation. Depending on the neural alteration induced by a
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disorder, low or high frequency rTMS is used for treatment.
rTMS is approved as acute treatment for major depression.
Among different protocols, 10 Hz rTMS over the left DLPFC
can improve depression. The other diseases with promising
outcomes are different hallucinations, OCD, tinnitus,
substance abuse, mania, epilepsy, and migraine. rTMS seems
to be an alternative or adjunctive therapeutic modality in
different psychiatric disorders. However, because of small
sample size and the heterogeneities existed among the
performed studies on each of these disorders, no conclusive
outcome on the efficacy of this technique can be reached. To
reach efficient clinical application for each disorder, further
randomized clinical trials as well as preclinical studies are
needed.

ACKNOWLEDGMENT

This study was financially supported by Student Research
Committee Ahvaz Jundishapur University of Medical
Science (No.: 94s64).

REFERENCES

1. Fitzgerald PB, Fountain S, Daskalakis ZJ.
A comprehensive review of the effects of rTMS on motor
cortical excitability and inhibition. Clin Neurophysiol
20006;117:2584-96.

2. Tian, F, Kozel FA, Yennu A, Croarkin PE,
McClintock SM, Mapes KS, et al. Test-retest assessment
of cortical activation induced by repetitive transcranial
magnetic stimulation with brain atlas-guided optical
topography. J Biomed Opt 2012;17:116020.

3. Schneider SA, Pleger B, Draganski B, Cordivari C,
Rothwell JC, Bhatia KP, et al. Modulatory effects of
SHz rTMS over the primary somatosensory cortex
in focal dystonia-an fMRI-TMS study. Mov Disord
2010;25:76-83.

4. Hada Y, Kaminaga T, Mikami M. Remote Effect of
Repetitive Transcranial Magnetic Stimulation on the
Cerebellum of Spinocerebellar Degeneration Patients.
In: International Congress Series. Elsevier; 2004.

5. Nicolo P, Ptak R, Guggisberg AG. Variability of
behavioural responses to transcranial magnetic
stimulation: Origins and predictors. Neuropsychologia
2015;74:137-44.

6. Mesquita RC, Faseyitan OK, Turkeltaub PE,
Buckley EM, Thomas A, Kim MN, ef al. Blood flow and
oxygenation changes due to low-frequency repetitive
transcranial magnetic stimulation of the cerebral cortex.
J Biomed Opt 2013;18:067006.

7. Khaleel SH, Bayoumy IM, El-Nabil LM, Moustafa RR.
Differential hemodynamic response to repetitive
transcranial magnetic stimulation in acute stroke patients
with cortical versus subcortical infarcts. European
neurology 2010;63:337-42.

8.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Asian Journal of Pharmaceutics * Apr-Jun 2017 (Suppl) * 11 (2) | S247

Slotema CW, Blom JD, Hoek HW, Sommer IE. Should
we expand the toolbox of psychiatric treatment methods
to include Repetitive Transcranial Magnetic Stimulation
(rTMS)? A meta-analysis of the efficacy of rTMS in
psychiatric disorders. J Clin Psychiatry 2010;71:873-84.
Parikh SV, Lam RW; CANMAT Depression Work
Group. Clinical guidelines for the treatment of depressive
disorders, I. Definitions, prevalence, and health burden.
Can J Psychiatry 2001;46:13S-20.

Ali 'Y, Mahmud NA. Neurofeedback treatments for
depression disorders: Review of current advances.
Orient J Comput Sci Technol 2014;7:443-52.

American Psychiatric Association Practice Guidelines.
Practice guideline for the treatment of patients with
borderline personality disorder. American Psychiatric
Association. Am J Psychiatry 2001;158 10 Suppl:1-52.
Fava M, Davidson KG. Definition and epidemiology of
treatment-resistant depression. Psychiatr Clin North Am
1996;19:179-200.

Yadollahpour A, Hosseini SA, Shakeri A. rTMS for the
treatment of depression: A comprehensive review of
effective protocols on right DLPFC. Int J] Ment Health
Addict 2016;14:539-49.

Saki N, Yadollahpour A, Moniri S, Karimi M, Bayat A,
Abshirini H, et al. Investigating the impacts of cochlear
implantation on the happiness and self-esteem of mothers
of children with severe hearing loss. Int ] Ment Health
Addict 2017;15:288-94.

Howland RH, Shutt LS, Berman SR, Spotts CR, Denko T.
The emerging use of technology for the treatment of
depression and other neuropsychiatric disorders. Ann
Clin Psychiatry 2011;23:48-62.

Jaracz J, Rybakowski J. Studies of cerebral blood flow
in metabolism in depression using positron emission
tomography (PET). Psychiatr Pol 2002;36:617-28.
Drevets WC, Frank E, Price JC, Kupfer DJ, Holt D,
Greer PJ, et al. PET imaging of serotonin 1A receptor
binding in depression. Biol Psychiatry 1999;46:1375-87.
Kling AS, Metter EJ, Riege WH, Kuhl DE. Comparison
of PET measurement of local brain glucose metabolism
and CAT measurement of brain atrophy in chronic
schizophrenia and depression. Am J Psychiatry
1986;143:175-80.

Fukuda M, Uehara T, Ida I, Mikuni M. Establishing
biological markers for diagnosis and treatment of
depression: Possible availability of PET, NIRS, and
DST. Nihon Rinsho 2003;61:1667-82.

Fountoulakis KN, Giannakopoulos P, Koévari E,
Bouras C. Assessing the role of cingulate cortex in
bipolar disorder: Neuropathological, structural and
functional imaging data. Brain Res Rev 2008;59:9-21.
Maeda F, Keenan JP, Tormos JM, Topka H,
Pascual-Leone A. Modulation of corticospinal
excitability by repetitive transcranial magnetic
stimulation. Clin Neurophysiol 2000;111:800-5.

Berlim MT, McGirr A, Beaulieu MM, Turecki G. High
frequency repetitive transcranial magnetic stimulation




23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

as an augmenting strategy in severe treatment-resistant
major depression: A prospective 4-week naturalistic
trial. J Affect Disord 2011;130:312-7.

Cooke RG. Repetitive transcranial magnetic stimulation
for depression. J Psychiatry Neurosci 2003;28:400.
Grunhaus L, Dannon PN, Schreiber S, Dolberg OH,
Amiaz R, Ziv R, et al. Repetitive transcranial magnetic
stimulation is as effective as electroconvulsive therapy in
the treatment of nondelusional major depressive disorder:
An open study. Biol Psychiatry 2000;47:314-24.
Hoffman RE, Cavus I. Slow transcranial magnetic
stimulation, long-term depotentiation, and brain
hyperexcitability — disorders. Am J  Psychiatry
2002;159:1093-102.

Berman RM, Narasimhan M, Sanacora G, Miano AP,
Hoffman RE, Hu XS, et al. A randomized clinical
trial of repetitive transcranial magnetic stimulation
in the treatment of major depression. Biol Psychiatry
2000;47:332-7.

Eche J, Mondino M, Haesebaert F, Saoud M, Poulet E,
Brunelin J.  Low-vs high-frequency repetitive
transcranial magnetic stimulation as an add-on treatment
for refractory depression. Front Psychiatry 2012;3:13.
Eschweiler GW, Wegerer C, Schlotter W, Spandl C,
Stevens A, Bartels M, et al. Left prefrontal activation
predicts therapeutic effects of repetitive transcranial
magnetic stimulation (rTMS) in major depression.
Psychiatry Res 2000;99:161-72.

McDonald WM, Durkalski V, Ball ER, Holtzheimer PE,
Pavlicova M, Lisanby SH, ef al. Improving the
antidepressant  efficacy of transcranial magnetic
stimulation: Maximizing the number of stimulations
and treatment location in treatment-resistant depression.
Depress Anxiety 2011;28:973-80.

Fitzgerald PB, Hoy KE, Herring SE, McQueen S,
Peachey AV, Segrave RA, et al. Adouble blind
randomized trial of unilateral left and bilateral
prefrontal cortex transcranial magnetic stimulation in
treatment resistant major depression. J Affect Disord
2012;139:193-8.

Berlim M, van den Eynde F, Tovar-Perdomo S,
Daskalakis ZJ. Response, remission and drop-out
rates following high-frequency repetitive transcranial
magnetic stimulation (rTMS) for treating major
depression: A systematic review and meta-analysis of
randomized, double-blind and sham-controlled trials.
Psychol Med 2014;44:225-39.

Chistyakov AV, Kaplan B, Rubichek O, Kreinin I,
Koren D, Feinsod M, et al. Antidepressant effects of
different schedules of repetitive transcranial magnetic
stimulation vs. Clomipramine in patients with major
depression: Relationship to changes in cortical
excitability. Int ] Neuropsychopharmacol 2005;8:223-33.
Cordes J, Mobascher A, Arends M, Agelink MW,
Klimke A. A new method for the treatment of depression:
Repetitive transcranial magnetic stimulation. Dtsch Med
Wochenschr 2005;130:889-92.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Asian Journal of Pharmaceutics * Apr-Jun 2017 (Suppl) ¢ 11 (2) | S248

Downar J, Daskalakis ZJ. New targets for rTMS in
depression: Areview of convergent evidence. Brain
Stimul 2013;6:231-40.

Kozel FA, George MS. Meta-analysis of left prefrontal
repetitive transcranial magnetic stimulation (rTMS) to
treat depression. J Psychiatr Pract 2002;8:270-5.

Gross M, Nakamura L, Pascual-Leone A, Fregni F. Has
repetitive transcranial magnetic stimulation (rTMS)
treatment for depression improved? A systematic review
and meta-analysis comparing the recent vs. The earlier
rTMS studies. Acta Psychiatr Scand 2007;116:165-73.
Holtzheimer PE 3%, Russo J, Avery DH. A meta-
analysis of repetitive transcranial magnetic stimulation
in the treatment of depression. Psychopharmacol Bull
2001;35:149-69.

Nongpiur A, Sinha VK, Praharaj SK, Goyal N. Theta-
patterned, frequency-modulated priming stimulation
enhances low-frequency, right prefrontal cortex
repetitive transcranial magnetic stimulation (rTMS)
in depression: A randomized, sham-controlled study.
J Neuropsychiatry Clin Neurosci 2011;23:348-57.

Jardri R, Pouchet A, Pins D, Thomas P. Cortical
activations during auditory verbal hallucinations in
schizophrenia: A coordinate-based meta-analysis. Am J
Psychiatry 2011;168:73-81.

Sommer IE, Diederen KM, Blom JD, Willems A,
Kushan L, Slotema K, et al. Auditory verbal
hallucinations predominantly activate the right inferior
frontal area. Brain 2008;131:3169-77.

Hoffman RE, Boutros NN, Hu S, Berman RM,
Krystal JH, Charney DS. Transcranial magnetic
stimulation and auditory hallucinations in schizophrenia.
Lancet 2000;355:1073-5.

Hoffman RE, Gueorguievaa R, Hawkinsa KA,
Varankoa M, Boutrosa NN, Wub 'Y, e al. Temporoparietal
transcranial magnetic  stimulation for  auditory
hallucinations: Safety, efficacy and moderators in a fifty
patient sample. Biol Psychiatry 2005;58:97-104.

Allen P, Larei F, McGuire PK, Aleman A. The
hallucinating brain: A review of structural and functional
neuroimaging studies of hallucinations. Neurosci
Biobehav Rev 2008;32:175-91.

Shergill SS, Brammer MJ, Williams SC, Murray RM,
McGuire PK. Mapping auditory hallucinations in
schizophrenia using functional magnetic resonance
imaging. Arch Gen Psychiatry 2000;57:1033-8.

Aleman A, Sommer IE, Kahn RS. Efficacy of slow
repetitive transcranial magnetic stimulation in the
treatment of resistant auditory hallucinations in
schizophrenia: A meta-analysis. J Clin Psychiatry
2007;68:416-21.

Slotema C, Aleman A, Daskalakis ZJ, Sommer IE. Meta-
analysis of repetitive transcranial magnetic stimulation
in the treatment of auditory verbal hallucinations:
Update and effects after one month. Schizophr Res
2012;142:40-5.

Poulet E, Brunelin J, Bediou B, Bation R, Forgeard L,




iatric disorders

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Dalery J, et al. Slow transcranial magnetic stimulation
can rapidly reduce resistant auditory hallucinations in
schizophrenia. Biol Psychiatry 2005;57:188-91.
Brunelin J, Poulet E, Bediou B, Kallel L, Dalery J,
D’amato T, et al. Low frequency repetitive transcranial
magnetic stimulation improves source monitoring deficit
in hallucinating patients with schizophrenia. Schizophr
Res 2006;81:41-5.

Blumberger DM, Christensen BK, Zipursky RB,
Moller B, Chen R, Fitzgerald PB, ef al. MRI-targeted
repetitive transcranial magnetic stimulation of Heschl’s
gyrus for refractory auditory hallucinations. Brain Stimul
2012;5:577-85.

Fitzgerald PB, Benitez J, Benitez J, Daskalakis JZ,
Brown TL, Marston NA, et al. A double-blind sham-
controlled trial of repetitive transcranial magnetic
stimulation in the treatment of refractory auditory
hallucinations. J Clin Psychopharmacol 2005;25:358-62.
Vercammen A, Knegtering H, Bruggeman R,
Westenbroek HM, Jenner JA, Slooff CJ, et al. Effects
of bilateral repetitive transcranial magnetic stimulation
on treatment resistant auditory-verbal hallucinations in
schizophrenia: A randomized controlled trial. Schizophr
Res 2009;114:172-9.

Jandl M, Steyer J, Weber M, Linden DE, Rothmeier J,
Maurer K, ef al. Treating auditory hallucinations
by transcranial magnetic stimulation: A randomized
controlled  cross-over trial.  Neuropsychobiology
2006;53:63-9.

Holi MM, Eronen M, Toivonen K, Toivonen P,
Marttunen M, Naukkarinen H. Left prefrontal repetitive
transcranial magnetic stimulation in schizophrenia.
Schizophr Bull 2004;30:429-34.

Klein E, Kolsky Y, Puyerovsky M, Koren D,
Chistyakov A, Feinsod M. Right prefrontal slow
repetitive  transcranial ~magnetic  stimulation in
schizophrenia: A double-blind sham-controlled pilot
study. Biol Psychiatry 1999;46:1451-4.

Hajak G, Marienhagen J, Langguth B, Werner S,
Binder H, Eichhammer P. High-frequency repetitive
transcranial magnetic stimulation in schizophrenia:
A combined treatment and neuroimaging study. Psychol
Med 2004;34:1157-63.

Rollnik JD, Huber TJ, Mogk H, Siggelkow S, Kropp S,
Dengler R, et al. High frequency repetitive transcranial
magnetic stimulation (rTMS) of the dorsolateral
prefrontal cortex in schizophrenic patients. Neuroreport
2000;11:4013-5.

Dlabac-de Lange JJ, Knegtering R, Aleman A. Repetitive
transcranial magnetic stimulation for negative symptoms
of schizophrenia: Review and meta-analysis. J Clin
Psychiatry 2010;71:411-8.

Freitas C, Fregni F, Pascual-Leone A. Meta-analysis
of the effects of repetitive transcranial magnetic
stimulation (rTMS) on negative and positive symptoms
in schizophrenia. Schizophr Res 2009;108:11-24.

Shi C, Yu X, Cheung EF, Shum DH, Chan RC. Revisiting

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Asian Journal of Pharmaceutics * Apr-Jun 2017 (Suppl) ¢ 11 (2) | S249

the therapeutic effect of rTMS on negative symptoms
in schizophrenia: A meta-analysis. Psychiatry Res
2014;215:505-13.

Jandl M, Bittne R, Sack A, Weber B, Giinther T,
Pieschl D, et al. Changes in negative symptoms and EEG
in schizophrenic patients after repetitive transcranial
magnetic stimulation (rTMS): An open-label pilot study.
J Neural Transm 2005;112:955-67.

Stanford AD, Sharif Z, Corcoran C, Urban N,
Malaspina D, Lisanby SH. rTMS strategies for the
study and treatment of schizophrenia: A review. Int J
Neuropsychopharmacol 2008;11:563-76.

Hasan A, Guse B, Cordes J, Wolwer W, Winterer G,
Gaebel W, et al. Cognitive effects of high-frequency
rTMS in schizophrenia patients with predominant
negative symptoms: Results from a multicenter
randomized sham-controlled trial. Schizophr Bull
2016;42:608-18.

Jaafari N, Rachid F, Rotge JY, Polosan M, El-Hage W,
Belin D, et al. Safety and efficacy of repetitive
transcranial magnetic stimulation in the treatment of
obsessive-compulsive disorder: A review. World J Biol
Psychiatry 2012;13:164-77.
GomesPV,Brasil-NetoJP,Allam N, Rodriguesde SouzaE.
A randomized, double-blind trial of repetitive transcranial
magnetic stimulation in obsessive-compulsive disorder
with three-month follow-up. J Neuropsychiatry Clin
Neurosci 2012;24:437-43.

Mantovani A, Lisanby SH, Pieraccini F, Ulivelli M,
Castrogiovanni P, Rossi S. Repetitive transcranial
magnetic stimulation (rTMS) in the treatment of
obsessive-compulsive disorder (OCD) and Tourette’s
syndrome (TS). Int J Neuropsychopharmacol
2006;9:95-100.

Kang JI, Kim CH, Namkoong K, Lee CI, Kim SJ.
A randomized controlled study of sequentially applied
repetitive transcranial magnetic stimulation in obsessive-
compulsive disorder. J Clin Psychiatry 2009;70:1645-51.
Mantovani A, Simpson HB, Fallon BA, Rossi S,
Lisanby SH. Randomized sham-controlled trial
of repetitive transcranial magnetic stimulation in
treatment-resistant obsessive-compulsive disorder. Int J
Neuropsychopharmacol 2010;13:217-27.

Mansur CG, Myczkowki ML, de Barros Cabral S,
Sartorelli Mdo C, Bellini BB, Dias AM, et al.
Placebo effect after prefrontal magnetic stimulation
in the treatment of resistant obsessive-compulsive
disorder: Arandomized controlled trial. Int J
Neuropsychopharmacol 2011;14:1389-97.

Berlim MT, Neufeld NH, Van den Eyndeb F. Repetitive
transcranial magnetic stimulation (rTMS) for obsessive-
compulsive disorder (OCD): An exploratory meta-
analysis of randomized and sham-controlled trials.
J Psychiatr Res 2013;47:999-1006.

Sarkhel S, Sinha VK, Praharaj SK. Adjunctive high-
frequency right prefrontal repetitive transcranial
magnetic stimulation (rTMS) was not effective in




71.

72.

73.

74.

75.

76.

77.

obsessive-compulsive disorder but improved secondary
depression. J Anxiety Disord 2010;24:535-9.

Blom RM, Figee M, Vulink N, Denys D. Update on
repetitive transcranial magnetic stimulation in obsessive-
compulsive disorder: Different targets. Curr Psychiatry
Rep 2011;13:289-94.

Ruffini C, Locatelli M, Lucca A, Benedetti F, Insacco C,
Smeraldi E. Augmentation effect of repetitive transcranial
magnetic stimulation over the orbitofrontal cortex in
drug-resistant obsessive-compulsive disorder patients:
A controlled investigation. Prim Care Companion J Clin
Psychiatry 2009;11:226-30.

Kumar N, Chadda R. Augmentation effect of repetitive
transcranial magnetic stimulation over the supplementary
motor cortex in treatment refractory patients with
obsessive compulsive disorder. Indian J Psychiatry
2011;53:340.

Volpato C, Piccione F, Cavinato M, Duzzi D, Schiff S,
Foscolo L, ef al. Modulation of affective symptoms and
resting state activity by brain stimulation in a treatment-
resistant case of obsessive-compulsive disorder.
Neurocase 2013;19:360-70.

Rosenberg PB, Mehndiratta RB, Mehndiratta YP,
Wamer A, Rosse RB, Balish M. Repetitive transcranial
magnetic  stimulation  treatment of comorbid
posttraumatic stress disorder and major depression.
J Neuropsychiatry Clin Neurosci 2002;14:270-6.
Boggio PS,RochaM, OliveiraMO, Fecteau S, Cohen RB,
Campanha C, et al. Noninvasive brain stimulation with
high-frequency and low-intensity repetitive transcranial
magnetic stimulation treatment for posttraumatic stress
disorder. J Clin Psychiatry 2010;71:992-9.

Rauch SL, Whalen PJ, Shin LM, Mclnerney SC,
Macklin ML, Lasko NB, et al. Exaggerated amygdala
response to masked facial stimuli in posttraumatic
stress disorder: A functional MRI study. Biol Psychiatry

78.

79.

80.

81.

82.

83.

84.

2000;47:769-76.

Williams LM, Kemp AH, Felmingham K, Barton M,
Olivieri G, Peduto A, ef al. Trauma modulates amygdala
and medial prefrontal responses to consciously attended
fear. Neuroimage 2006;29:347-57.

Shin LM, Wright CI, Cannistraro PA, Wedig MM,
McMullin K, Martis B, et al. A functional magnetic
resonance imaging study of amygdala and medial
prefrontal cortex responses to overtly presented fearful
faces in posttraumatic stress disorder. Arch Gen
Psychiatry 2005;62:273-81.

Cohen H, Kaplan Z, Kotler M, Kouperman I, Moisa R,
Grisaru N. Repetitive transcranial magnetic stimulation
of the right dorsolateral prefrontal cortex in posttraumatic
stress  disorder: A double-blind, placebo-controlled
study. Am J Psychiatry 2004;161:515-24.

Watts BV, Landon B, Groft A, Young-Xu Y. A sham
controlled study of repetitive transcranial magnetic
stimulation for posttraumatic stress disorder. Brain
Stimul 2012;5:38-43.

McCann UD, Kimbrell TA, Morgan CM, Anderson T,
Geraci M, Benson BE, ef al. Repetitive transcranial
magnetic stimulation for posttraumatic stress disorder.
Arch Gen Psychiatry 1998;55:276-9.

Grisaru N, Amir M, Cohen H, Kaplan Z. Effect of
transcranial magnetic stimulation in posttraumatic
stress disorder: A preliminary study. Biol Psychiatry
1998;44:52-5.

Trevizol AP, Barros MD, Silva PO, Osuch E, Cordeiro Q,
Shiozawa P. Transcranial magnetic stimulation for
posttraumatic stress disorder: An updated systematic
review and meta-analysis. Trends Psychiatry Psychother
2016;38:50-5.

Source of Support: Nil. Conflict of Interest: None declared.

Asian Journal of Pharmaceutics * Apr-Jun 2017 (Suppl) ¢ 11 (2) | S250




